Transgenic mice ubiquitously overexpressing murine raminobutyric acid transporter subtype I were created. Unexpectedly, these mice markedly exhibited heritable obesity, which features significantly increased body weight and fat deposition. Behavioral examination revealed that transgenic mice have slightly reduced spontaneous locomotive capacity and altered feeding pattern. This preliminary finding indicates that the inappropriate level of g-aminobutyric acid transporters may be directly or indirectly involved in the pathogenic mechanism underlying certain types of obesity.
INTRODUCTION
γ -aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the vertebrate central nervous system where it activates a variety of GABA receptor types. The neurotransmission of GABA is thought to be terminated by it's rapid re-uptake via GABA transporters into presynaptic neurons and surrounding glial cells [1, 2] . Besides functioning in the termination of synaptic transmission, GABA transporters play a critical role in the regulation of the magnitude and duration of GABA's action and may also mediate the release of GABA into the extracellular space in a Ca 2+ -independent manner [3] . Therefore, GABA transporters are speculated to possess a spectrum of physiological functions. For example, GABA transporters were reported to be involved in the maturation of GABAergic inhibitory system in the brain [4] . The alteration of the level of GABA transporters is correlated with the temporal lobe epilepsy [5] . To further explore the role of GABA transporter in vivo, we created the transgenic mice that ubiquitously overexpress GABA transporter subtype I (GAT1), which is considered to be the predominant GABA transporter in the rodent brain [6] . Beyond expectation, a number of transgenic founders and their progeny exhibited remarkably obese phenotype though displaying grossly normal development. The following study preliminarily investigated this phenomenon.
MATERIALS AND METHODS

Animals
Transgenic mice carrying the murine GAT1 (mGAT1) cDNA have been previously produced and identified (data submitted in a separate manuscript). A full length cDNA coding for mGAT1 that screened from the phage murine brain cDNA library was cloned into the EcoR I and Apa I site of pcDNA3, under the control of human cytomegalovirus (HCMV) promoter/enhancer. This construct, linearized with Nru I and Tth111 I and subsequently gel-purified, was microinjected into the pronuclei of fertilized eggs of (C57BL/6J) F1 hybrid mice (Jackson Laboratory). Polymerase chain reaction (PCR) and Southern-blot analysis was carried out with tail DNA to verify the integration of variable copy numbers of transgene into the genomes of founder mice and their progeny. Semi-quantitative reverse transcription-PCR (RT-PCR) and Northern-blot analysis of whole RNA samples, extracted from a variety of tissues, characterized the expression pattern of the transgene. Age-matched wild-type mice with the same genetic background were used as control in the present study. All animals were housed in groups (2-5 mice per cage) in temperature-and humidity-controlled environment with a 12 h light /12 h dark rhythm, and allowed free access to food and water.
Behavioral experiments
All behavioral experiments were performed with experimenter blind to the genotype of each subject. Mean value and significant difference between transgenic mice and wild-type control were analyzed by variance analysis with student s t-test.
Body weight, retroperitoneal fat pad weight and food intake measurements Body weight was measured with electronic balance at the indicated month of age (Fig 1) . 6 month old mice were sacrificed by cervical dislocation and dissected to thoroughly remove the retroperitoneal fat pads for weight measurement. Fat depots in other adipose tissue regions were also examined by macrography. For food intake analysis, the mice were housed individually on a standard chow diet for 10 d before measurement, then the cumulative food intake was monitored with a 12 h daytime /12 h nighttime interval over a 1 w period. 
Open field test
Immunofluorescent detection
4 mon old transgenic and wild-type mice were anesthetized with sodium pentobarbital, and consequently perfused intracardially with phosphate-buffered saline (PBS) and then chilled 95% ethanol. After perfusion, tissues were removed and subsequently immersed in 30% sucrose in PBS and frozen in OCT. 20 μm-thick frozen sections were cut and then rinsed in 0.01 M PBS. In staining procedure, cryostat sections were first blocked with 10% goat serum plus 0.1% Triton -100 in PBS and incubated with affinity-purified polyclonal rabbit anti-mGAT1(GAT1 1-50 ) antibody [7] at 4 o C overnight. Subsequently, the sections were exposed to biotin conjugated goat anti-rabbit IgG (Sigma) for 45 min at room temperature, and then to TRITC-Extravidin (Sigma) for 45 min at room temperature, finally coverslipped with PBS-buffered glycerol. Between each step, slides were intensively rinsed three times and each time for 10 min in PBS buffer. Slides were examined and photographed under Olympus fluorescence microscope.
RESULTS
Change of body weight with growth
The body weights of the transgenic F3 progeny from two independent lines, fed with a standard chow diet, were measured at various developmental stage (Fig 1) . Within the 3 mon of postnatal growth, transgenic mice developed normally and insignificantly differed with the pair-fed and age-matched wild-type mice in body weight, but thereafter, both transgenic lines became conspicuously obese relative to control. At 9 mon of age, transgenic mice gained weight approximately 50 % more than control. Besides evidently increased body weight, this characteristic phenotype also includes expanded body size. No significant difference in body weight at various postnatal growth stages was observed between two transgenic lines, therefore, the obese phenotype should be independent of the transgene integration locus. 
Macroscopic inspection of the fat deposition
Necropsy examination revealed that transgenic mice formed normal adipose tissues at birth, but greatly developed fat deposition during postnatal development. In 6 mon old transgenic mice, the apparently accumulated fat depots were found in either interscapular, subcutaneous, epididymal, mesentric and retroperitoneal (Fig 2a) and other adipose tissue regions. Especially, the weight of the retroperitoneal fat pads of transgenic mouse is astonishingly increased compared with control (Fig 2c) . This increase was also significantly different when expressed as a percentage of body weight (Fig 2d) . In addition, this abnormal fat accumulation seems became progressively severe.
Plasma concentrations of triglyceride (TG), total cholesterol (CHO), low density lipoprotein (LDL) and high density lipoprotein (HDL)
To characterize whether the obesity observed in transgenic mice is related with the modifications in lipid metabolism, biochemical analysis available were performed to determine the TG, CHO, LDL and HDL concentrations in the plasma of 6 mon old mice. This assay revealed that the plasma concentrations of TG, CHO, LDL and HDL are significantly elevated by 84 %, 44 %, 61 %, and 24 %, respectively, in transgenic mice compared with that of control (Fig 2e) . In addition, transgenic mice exhibit considerably decreased concentration of HDL relative to that of LDL (Fig 2f) . Above results indicated that the obesity is possibly associated with the alteration of the lipid metabolism.
Assessment of the spontaneous locomotive activity
The spontaneous locomotive activity of the 3-4 mon old mice was evaluated by open field test. The total number of squares crossed by the transgenic mice and control during the observation on 3 consecutive d is depicted in Fig 3. Two independent transgenic lines developed approximately 80 % and 85 % the locomotive capacity of wild-type mice. This was not due to any overt neurological impairment such as pareses of fore-or hindlimbs or signs of ataxia. Transgenic mice, however, discontinued their locomotion more frequently with longer periods of time. The slightly decreased locomotive activity indicated that the energy expenditure may be reduced in transgenic mice. Fig .3 Reduced spontaneous locomotive activity in transgenic mice. The difference between wild-type mice (Wt) and both transgenic lines (Tg 1 and Tg 2) is statistically significant with P$<$0.05 for all values (The amount of mice employed for each group in experiment: Wt, n = 18; Tg 1, n = 19; Tg 2, n = 9); Student's t-test.
Behavioral alteration on food intake
To explore whether transgenic mice exhibit alterations in feeding behavior when they begin to gain more body weights than control, food intake was monitored in 3-4 mon old transgenic and wild-type mice. Consecutive observation revealed that transgenic mice showed no significant difference in total daily food intake (Fig 4b) , but displayed altered feeding pattern (Fig 4a) . Either transgenic line ate 90% more in daytime and 10% less in nighttime daily than did wild-type mice (Fig 4b) .
Wt Tg 
DISCUSSION
Transgenic mice ubiquitously overexpressing GAT1 were generated in our laboratory (data submitted in a separate manuscript). Unexpectedly, the founder mice developed conspicuously obesity characterized by greatly increased body weight and fat deposition. Systematical measurement of the body weight gained with growth of F3 transgenic mice confirmed that the obesity phenotype is heritable and relatively early in onset (Fig  1) . In addition, the abnormally accumulated fat deposition associated with significantly elevated level of plasma triglyceride indicates that the energy homeostasis of the transgenic mice may be altered, since the adipose tissue itself serves as the site of triglyceride storage and free fatty acids/glycerol release in response to changing energy demands [8] . It is noteworthy that mice raised from all independent founders developed obesity. Because there is hardly any possibility for the transgene introduced into the genome of various lines to possess the identical integration pattern, the phenotype should not be resulted from an insertional mutation.
In the present study, no statistically significant differences in gaining body weight (Fig 1) and feeding behavior (Fig 4) between the two independent lines (Tg 1 and Tg 3 ) were observed. It is reasonable since they displayed similar (not identical) level and distribution of GAT1 (data submitted in a separate manuscript). However, the retroperitoneal fat accumulation in Tg1 and Tg 3 mice appeared apparently different (Fig 2,  c, d ), which perhaps implied that the fat deposition is highly sensitive to the slight alteration in the expression of GAT1. It potentially suggested that the obesity phenotype might be correlated with expression pattern of GAT1.
Previous studies indicated that body-weight regulation occurred through a complex net work involving many brain areas, among which the hypothalamic region is thought to be a pivotal target [9] . This region is closely associated with the actions of two important regulators of food intake and energy balance, leptin [10] and neuropeptide Y [11] , [12] . GABA and glutamate decarboxylase (GAD) which produce the GABA from glutamic acid, and GABA A receptors are densely distributed in the hypothalamus [13] , [14] . GABA mediated transmission in hypothalamus is involved in the regulation of appetite [15] . Furthermore, GABAergic transmission may be correlated with the actions of glucocorticoids, which play an important role in the development of genetic obesity [16] . In our transgenic mice, immunofluorescent detection revealed that the GAT1 was highly overexpressed in the hypothalamus in contrast with that of normal mice (Fig 5) . Since GAT1 is critical to GABAergic transmission, it is possible that the inappropriate overproduction of GAT1 may affect the functions mediated by GABA system, and further disturb the normal signaling pathways in hypothalamus and in the control of obesity with unknown mechanism. This opinion is potentially supported by the fact that the feeding behavior has been altered in transgenic mice though its exact cause and implication in obesity are not clear.
In summary, we demonstrated that transgenic mice overexpressing GAT1 can de-velop obesity, but its underlying mechanism remains to be elucidated. To our knowledge, no reports so far published suggest that neurotransmitter transporter is involved in the control of obesity. The present finding would provide a clue to evaluate such possibility.
